###### Strengths and limitations of this study

-   Large, population-based data over the extended period of time.

-   Consistent use of International Classification of Diseases, Version 9---Clinical Modification codes to identify ectopic pregnancy during the study period.

-   Lack of information on individual treatment for ectopic pregnancy before hospitalisation.

-   Lack of detailed clinical information on some risk factors, for instance, body mass index.

-   Lack of information on the rates of ectopic pregnancy without hospitalisation.

Introduction {#s1}
============

Despite major advances in maternal and reproductive health in industrialised countries, ectopic pregnancy remains a significant cause of maternal mortality and accounts for 75% of maternal deaths in early pregnancy.[@R1] While overall incidence is difficult to ascertain, population estimates suggest that rates of ectopic pregnancy increased in the USA from 0.4% of pregnancies in 1948 to approximately 2% of pregnancies in 2015.[@R2]

An ectopic pregnancy is defined as a fertilised oocyte that implants outside of the uterine cavity. Such abnormal implantation occurs mostly in the fallopian tube and less frequently in the ovary, cervix or abdomen. While the underlying aetiology and pathogenesis are not completely understood, known risk factors include history of pelvic inflammatory disease, prior abdominal or pelvic surgery and in vitro fertilisation.[@R5] The recurrence rate is approximately 18% among women with a prior fallopian tube pregnancy.[@R6] Clinical signs include abdominal pain and vaginal bleeding in early pregnancy and diagnosis is made by pelvic ultrasound examination and by monitoring serum levels of human chorionic gonadotrophin (b-hCG).[@R6] Both diagnostic modalities have improved significantly in the past 10 years with respect to ultrasound resolution and sensitivity of b-hCG detection.[@R8]

While surgical management was used in the past for definitive confirmation of diagnosis and treatment of ectopic pregnancy, recent improvements in early detection and diagnostic resolution have led to an increase in the proportion of women eligible for medical treatment with systemic methotrexate (MTX).[@R11] However, MTX treatment is associated with moderate to severe side effects and relatively high failure rate (approximately 25%) necessitating 'rescue' surgery and hospitalisation.[@R14] As such, ectopic pregnancy continues to pose a significant public health concern[@R18] and affects approximately 100 000 women per year in the USA with an associated healthcare cost of estimated US\$1 billion.[@R19]

Despite the increased incidence of ectopic pregnancy and changing landscape of diagnosis and treatment, the impact of ectopic pregnancy on adverse maternal health outcomes has been understudied. The purpose of this study was to examine age-specific temporal trends in ectopic pregnancy requiring hospitalisation and associated rates of severe maternal morbidity/mortality.

Methods {#s2}
=======

We carried out a population-based study including all women hospitalised for ectopic pregnancy in Washington State between 1987 and 2014. Hospitalisation data were obtained from the Comprehensive Discharge Abstract Database (CHARS), which includes all hospitalisations in Washington State and up to nine diagnostic and six procedure codes (International Classification of Diseases, Version 9---Clinical Modification (ICD-9-CM)) related to each hospitalisation episode. Ectopic pregnancy was identified using a previously validated algorithm consisting of specific diagnostic and procedure codes, namely the ICD-9-CM code '633' for ectopic pregnancy or any of the following inpatient procedure codes: '66.0' code for salpingotomy/salpingostomy, '66.62' code for salpingectomy with removal of tubal pregnancy and '74.3' code for removal of extratubal ectopic pregnancy.[@R21] Information on death and severe morbidity during hospitalisation, age, chronic comorbidity, type of health insurance, length of hospital stay and cost was also obtained from the CHARS database. Women aged \<15 years were excluded. US census data for Washington State in 1990, 2000 and 2010 and yearly intercensal age-specific population estimates were used to obtain age-specific data on female population in Washington State between 1987 and 2014. Age-specific data on the number of births per year in Washington State were obtained from publicly available reports.[@R22] Information on the number of births among oldest women was available for age category 45 years or more.

Outcome measures and covariates {#s2a}
-------------------------------

The primary outcome of severe morbidity or mortality was defined as a composite outcome which included maternal death during hospitalisation, or severe morbid conditions that were potentially life threatening, leading to serious sequelae, or requiring intensive care unit admission. Maternal death was identified from the CHARS database using the hospital discharge code for death, while ICD-9-CM diagnostic and procedure codes were used to identify women with severe morbidity. Severe morbid conditions were identified using a list of such conditions developed by the Canadian Perinatal Surveillance System.[@R23] This included conditions with a high case fatality rate (eg, sepsis), and those associated with organ failure (eg, acute renal failure) or leading to adverse sequelae (eg, hysterectomy; see online [supplementary appendix table S1](#SP1){ref-type="supplementary-material"}). We included additional conditions recognised as severe maternal morbidity by the US Centre for Disease Control and Prevention,[@R24] including need for life-saving procedures such as mechanical ventilation, conversion of cardiac rhythm, etc. Only conditions relevant to early pregnancy were included in the composite outcome. Severe morbidity was divided into the following five categories: (1) haemorrhage that required blood or other blood product transfusion; (2) sepsis; (3) hysterectomy; (4) severe morbidity denoted by the need for potentially life-saving procedures such as mechanical ventilation; and (5) other severe morbidity including respiratory morbidity (eg, respiratory arrest), thromboembolism (eg, deep venous thrombosis), cerebrovascular morbidity (eg, cerebral venous thromboembolism, intracranial haemorrhage), acute cardiac morbidity (eg, acute myocardial infarction, cardiac arrest, heart failure), renal or liver failure, shock and complications of anaesthesia and surgical interventions (eg, shock due to anaesthesia, cardiac and pulmonary complications). These categories were used to describe specific groups of severe morbid conditions and were not mutually exclusive (see online [supplementary appendix table S1](#SP1){ref-type="supplementary-material"}).
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The type of health insurance was identified by the primary payer for hospitalisation, including the following categories: government or charity payer (Medicaid, Medicare, other government sponsored patients, and charity care), health maintenance organisation, private insurance (commercial insurance, labour and industries insurance and health services contractors insurance) and no insurance (self-pay). Comorbidity was identified by the ICD-9-CM codes and included chronic conditions as follows (see online [supplementary appendix table S2](#SP1){ref-type="supplementary-material"}): (1) cardiovascular diseases (eg, chronic hypertension, atherosclerosis); (2) respiratory diseases (eg, emphysema, asthma, chronic bronchitis); (3) diabetes mellitus; (4) endocrine system diseases (eg, hypothyroidism, ovarian dysfunction); (5) malignant or in situ neoplasms; (6) gastrointestinal disorders (eg, ulcers, Crohn's disease); (7) chronic genitourinary disorders (eg, chronic glomerulonephritis, chronic kidney diseases, endometriosis); (8) blood disorders (eg, anaemias, coagulation defects); (9) chronic neurological disorders (eg, multiple sclerosis, epilepsy); and (10) obesity. Acute conditions (eg, myocardial infarction) or those that could arise as a result of ectopic pregnancy or associated surgical procedures (eg, anaemia secondary to blood loss) were not included among chronic comorbid conditions.

Analysis {#s2b}
--------

Hospitalisation for ectopic pregnancy were calculated as ratios per 1000 women aged 15--64 years per year, and in age categories 15--24, 25--34 and 35--64 years. These ratios were also calculated per 1000 births per year among women 15 years of age or older and age-specific rates in categories 15--24, 25--34 and ≥35 years to account for changes in fertility rates over time. All temporal trends were assessed using the Cochran-Armitage test for linear trend. Ratios were compared between time periods 1987--1991 and 2010--2014 using a ratio of these ratios (RR) and 95% CI. Ratio differences (RD) were calculated to express absolute differences in these ratios.

Logistic regression was used to assess temporal trends in severe morbidity/mortality among women hospitalised for ectopic pregnancy. OR expressed the average annual change in odds of severe morbidity/mortality. We anticipated that age distribution, type of health insurance and chronic comorbidity changed over time; hence, these factors were adjusted for in the regression models.

Additional analyses {#s2c}
-------------------

Age-specific temporal trends in length of hospital stay and cost of hospitalisation were assessed throughout the study period and compared between 1987--1991 and 2010--14 using median and IQR. An inflation-adjusted cost was calculated using publicly available information on the US Consumer Price Index for all Urban Consumers (CPI-U) with 1987 as a reference year.[@R25]

Patient involvement {#s2d}
-------------------

Patients were not involved in setting the research questions or planning the study. Investigators do not know the identity of study participants.

All analyses were performed using publicly accessible deidentified data. An exemption from ethics approval was granted by the Department of Social and Health Services, State of Washington. Analyses were carried out using SAS V.9.4 (SAS Institute, Cary, North Carolina, USA).

Results {#s3}
=======

Overall, 20 418 women were hospitalised for ectopic pregnancy in Washington State between 1 January 1987 and 31 December 2014.

Population ratios (per 1000 women of reproductive age) {#s3a}
------------------------------------------------------

Hospitalisation for ectopic pregnancy declined from 0.89 per 1000 women aged 15--64 years in 1987--1991 to 0.16 per 1000 women in 2010--2014, RR 0.18 (95% CI 0.17 to 0.19), RD from −0.73 per 1000 women (95% CI −0.71 to −0.75; [table 1](#T1){ref-type="table"}). This decline was largest among women aged 15--24 years (from 1.09 to 0.19 per 1000 women; RR 0.17; 95% CI 0.15 to 0.19; RD −0.90 per 1000 women, 95% CI from −0.85 to −0.96; [figure 1](#F1){ref-type="fig"}). In-hospital mortality remained unchanged during this period, and no significant trend was observed for mortality/severe morbidity among women aged 15--24 years and 35--64 years ([table 1](#T1){ref-type="table"}). A significant temporal increase in mortality/severe morbidity was observed among women aged 25--34 years (p=0.022); this increase was apparent mainly after 1995 ([figure 2](#F2){ref-type="fig"}). The contrast between population ratios in mortality/severe morbidity among these women between 1987--1991 and 2010--2014 (7.49 vs 7.99 per 100 000 women) yielded RR of 1.07 (95% CI 0.86 to 1.32). The RR was not statistically significant because only cases occurring in these two time periods were included, thus the power to detect a statistically significant association was lower as compared with the Cochran-Armitage test for trend (that includes all cases of mortality/morbidity and all population over the study period; a p value for trend was 0.022).

![Age-specific ratios of hospitalisation for ectopic pregnancy (A) per 1000 women (3-year moving average) and (B) per 1000 births. Washington State, 1987--2014.](bmjopen-2018-024353f01){#F1}

![Age-specific ratios of death/severe morbidity due to ectopic pregnancy (A) per 100 000 women (3-year moving average) and (B) per 100 hospitalised women. Washington State, 1987--2014.](bmjopen-2018-024353f02){#F2}

###### 

Hospitalisation, death and severe morbidity due to ectopic pregnancy among women aged 15--64 years, Washington State, 1987--91 versus 2010--2014

  Year                                        1987--1991    2010--2014     RD (95% CI)              RR (95% CI)           P values*\**
  ------------------------------------------- ------------- -------------- ------------------------ --------------------- --------------
  All women                                   n=7 815 504   n=11 214 865                                                  
   Hospitalisations per 1000 women            0.89          0.16           −0.73 (−0.71 to −0.75)   0.18 (0.17 to 0.19)   \<0.001
   Mortality per 100 000 women                0.03          0.03           0.00 (−0.16 to 0.16)     1.04 (0.17 to 6.20)   0.978
   Death/severe morbidity per 100 000 women   3.44          3.16           −0.28 (−0.81 to 0.25)    0.92 (0.78 to 1.07)   0.502
  Women aged 15--24 years                     n=1 643 627   n=2 246 884                                                   
   Hospitalisations per 1000 women            1.09          0.19           −0.90 (−0.85 to −0.96)   0.17 (0.15 to 0.19)   \<0.001
   Death/severe morbidity per 100 000 women   2.74          3.16           0.42 (−0.67 to 1.51)     1.15 (0.79 to 1.68)   0.388
  Women aged 25--34 years                     n=2 096 794   n=2 390 244                                                   
   Hospitalisations per 1000 women            1.96          0.44           −1.52 (−1.46 to −1.59)   0.22 (0.20 to 0.23)   \<0.001
   Death/severe morbidity per 100 000 women   7.49          7.99           0.50 (−1.16 to 2.15)     1.07 (0.86 to 1.32)   0.022
  Women aged 35--64 years                     n=4 075 083   n=6 930 919                                                   
   Hospitalisations per 1000 women            0.27          0.06           −0.21 (−0.19 to −0.23)   0.22 (0.20 to 0.25)   \<0.001
   Death/severe morbidity per 100 000 women   1.64          1.37           −0.27 (−0.75 to 0.21)    0.82 (0.61 to 1.14)   0.92

RR denotes ratio of hospitalisation and mortality/morbidity ratios.

The RRs are presented to demonstrate the change between the extreme periods. The RR may not be statistically significant because only cases occurring in these two time periods are included; thus, the power to detect a statistically significant association is lower as compared with the Cochran-Armitage test for trend (that included all cases of mortality/morbidity and all population over the study period).

\*P value based on the Cochran-Armitage test for trend.

RD, ratio difference.

In addition, hospitalisations per 1000 women aged 15--49 years (the WHO definition of reproductive age) declined from 1.11 per 1000 in 1987--1991 to 0.23 per 1000 in 2010--2014 (RR 0.20, 95% CI 0.19 to 0.21; data not shown).

Ratios per 1000 births {#s3b}
----------------------

Hospitalisation for ectopic pregnancy declined dramatically from 18.54 per 1000 births in 1987--1991 to 4.18 per 1000 births in 2010--2014 ([table 2](#T2){ref-type="table"}). The decline was observed in all age groups between these periods: among women aged 15--24 years, the decline was from 12.87 to 3.64 per 1000 births; among women 25--34, the ratios fell from 20.35 to 3.96 per 1000 births, and among women≥35 years from 30.40 to 5.76 per 1000 births, respectively ([figure 1](#F1){ref-type="fig"}). The RRs contrasting these two periods were 0.28 (95% CI 0.25 to 0.32) in women 15--24 years, RR 0.19 (95% CI 0.18 to 0.21) in women 25--34 years and RR 0.19 (95% CI 0.17 to 0.21) in women aged ≥35 years (RDs are presented in [table 2](#T2){ref-type="table"}). All temporal trends were statistically significant (p\<0.001).

###### 

Hospitalisations for ectopic pregnancy per 1000 births and severe morbidity and mortality among hospitalised women; Washington State, 1987--1991 versus 2010--2014

  Year                                                     1987--1991     2010--2014    RD (95% CI)                 RR (95% CI)           P values*\**
  -------------------------------------------------------- -------------- ------------- --------------------------- --------------------- --------------
  All women hospitalised for ectopic pregnancy             n=6993         n=1819                                                          
   Ratio per 1000 births                                   18.54          4.18          −14.36 (−13.90 to −14.84)   0.23 (0.21 to 0.24)   \<0.001
   Case fatality per 1000 hospitalised cases               0.29           1.65          −1.36 (−3.27 to 0.50)       5.69 (0.96 to 34.5)   0.06
   Severe morbidity/mortality per 100 hospitalised cases   3.85           19.63         15.78 (13.90 to 17.66)      5.10 (4.36 to 5.98)   \<0.001
   Type of insurance (%)                                                                                                                  \<0.001
    Government                                             1825 (26.10)   792 (43.54)   17.44 (14.94 to 19.94)      1.67 (1.56 to 1.78)   
    HMO                                                    802 (11.47)    151 (8.30)    −3.17 (−1.07 to −4.64)      0.72 (0.61 to 0.85)   
    Private                                                3522 (50.36)   748 (41.12)   −9.24 (−6.70 to −11.79)     0.82 (0.77 to 0.87)   
    No insurance (self-pay)                                844 (12.07)    128 (7.04)    −5.03 (−3.63 to −6.43)      0.58 (0.49 to 0.70)   
  Women aged 15--24 years                                  n=1789         n=418                                                           
    Ratio per 1000 births                                  12.87          3.64          −9.23 (−8.54 to −9.91)      0.28 (0.25 to 0.32)   \<0.001
    Death/severe morbidity per 100 hospitalised cases      2.52           17.00         14.47 (10.80 to 18.14)      6.75 (4.72 to 9.66)   \<0.001
  Women aged 25--34 years                                  n=4116         n=989                                                           
    Ratio per 1000 births                                  20.35          3.96          −16.39 (−15.72 to −17.05)   0.19 (0.18 to 0.21)   \<0.001
    Death/severe morbidity per 100 hospitalised cases      3.81           19.31         15.50 (12.97 to 18.03)      5.06 (4.15 to 6.18)   \<0.001
  Women aged ≥35 years                                     n=1088         n=412                                                           
    Ratio per 1000 births                                  30.4           5.76          −24.64 (−22.78 to −26.50)   0.19 (0.17 to 0.21)   \<0.001
    Death/severe morbidity per 100 hospitalised cases      6.16           23.06         16.90 (12.59 to 21.21)      3.74 (2.80 to 5.01)   \<0.001

RR denotes ratio of hospitalisation and death/severe morbidity ratio.

\*P value based on the Cochran-Armitage test for linear trend.

HMO, health maintenance organisation; RD, ratio difference.

Adverse outcomes among hospitalised women {#s3c}
-----------------------------------------

The overall case fatality rate increased from 0.29 per 1000 in 1987--1991 to 1.65 per 1000 women hospitalised for ectopic pregnancy in 2010--2014 (RR 5.69, 95% CI 0.96 to 34.50; RD −1.36 per 1000 women, 95% CI from −3.27 to 0.50), while the rate of the composite outcome (severe morbidity or mortality) increased from 3.85% to 19.63% ([figure 2](#F2){ref-type="fig"}, [table 2](#T2){ref-type="table"}). The youngest women had the largest increase in severe morbidity (RR 6.75, 95% CI 4.72 to 9.66) compared with women 25--34 (RR 5.06, 95% CI 4.15 to 6.18) and women≥35 years (RR 3.74, 95% CI 2.80 to 5.01; RDs are presented in [table 2](#T2){ref-type="table"}).

The most common complication was need for blood or blood product transfusion (73.4% of any severe morbidity; [table 3](#T3){ref-type="table"}). A significant temporal increase was observed for rates of sepsis and blood transfusion (both p\<0.001). The increase in the blood transfusion rate was observed in all age groups, while the increase in the sepsis rate was observed only in women aged 25--34 and ≥35 years (data not shown). The prevalence of underlying chronic conditions increased over time, from 4.54% in 1987--91% to 22.21% in 2010--2014 (p\<0.001; see online [supplementary appendix figure S1](#SP1){ref-type="supplementary-material"}).

###### 

Severe morbidity associated with hospitalisation for ectopic pregnancy; Washington State, 1987--2014

  Death/Severe morbidity                        All women      15--24 years   25--34 years   **≥35** years                                      
  --------------------------------------------- -------------- -------------- -------------- --------------- ------------- ------ ------------- -------
  Blood transfusion                             1243 (73.42)   6.09           284 (81.38)    5.70            661 (75.11)   5.81   298 (64.22)   7.33
  Sepsis                                        163 (9.63)     0.80           30 (8.6)       0.60            87 (9.89)     0.77   46 (9.91)     1.13
  Hysterectomy                                  203 (11.99)    0.99           9 (2.58)       0.18            78 (8.86)     0.69   116 (25)      2.85
  Other potentially life-saving interventions   335 (19.79)    1.64           39 (11.17)     0.78            150 (17.05)   1.32   146 (31.47)   3.59
  Other severe morbidity                        308 (18.19)    1.51           67 (19.2)      1.35            170 (19.32)   1.50   71 (15.3)     1.75
  Death                                         7 (0.41)       0.03           1 (0.29)       0.02            3 (0.34)      0.03   3 (0.65)      0.07
  Death/severe morbidity                        1782           8.73           373            7.49            920           8.09   489           12.02

\*Rate per 100 hospitalised women.

Multivariable analyses {#s3d}
----------------------

Regression analyses showed that the unadjusted increase in odds of the composite outcome (severe morbidity/mortality) associated with hospitalisation for ectopic pregnancy was on average 9% per year (OR 1.09, 95% CI 1.08 to 1.09; [table 4](#T4){ref-type="table"}). After adjusting for age, type of health insurance and chronic comorbidity, the increase in odds of the composite outcome was on average 8% per year (adjusted OR (AOR) 1.08, 95% CI 1.07 to 1.08). Factors significantly associated with elevated odds of severe morbidity/mortality were: older age (≥35 years vs 25--34 years; AOR 1.41, 95% CI 1.25 to 1.60), genitourinary chronic condition (AOR 1.72; 95% CI 1.36 to 2.18), neoplasms (AOR 4.21, 95% CI 1.93 to 9.16); chronic blood disorders (AOR 4.77, 95% CI 3.79 to 6.01) and obesity (AOR 1.59, 95% CI 1.18 to 2.15).

###### 

Adjusted temporal trend in death/severe morbidity associated with hospitalisation for ectopic pregnancy; Washington State, 1987--2014

  Risk factor                                    AOR (95% CI)
  ---------------------------------------------- ---------------------
  Year                                           1.08 (1.07 to 1.08)
  Age 15--24 years\*                             0.92 (0.81 to 1.05)
  Age ≥35 years\*                                1.41 (1.25 to 1.60)
  Hypertensive chronic disease                   1.38 (0.90 to 2.10)
  Respiratory chronic disease                    0.81 (0.58 to 1.13)
  Endocrine chronic disease                      1.17 (0.80 to 1.71)
  Diabetes mellitus                              0.97 (0.53 to 1.78)
  Gastrointestinal chronic disease               0.92 (0.31 to 2.72)
  Genitourinary chronic disease                  1.72 (1.36 to 2.18)
  Malignant/in situ neoplasm                     4.21 (1.93 to 9.16)
  Blood disorder                                 4.77 (3.79 to 6.01)
  Neurological disorder                          1.01 (0.47 to 2.17)
  Obesity                                        1.59 (1.18 to 2.15)
  Government insurance†                          1.07 (0.89 to 1.29)
  HMO†                                           0.76 (0.60 to 0.96)
  Private insurance[†](#tblfn9){ref-type="fn"}   1.00 (0.83 to 1.20)

\*Reference category: no insurance coverage (self-pay).

†Reference: age 25--34 years.

AOR, adjusted OR (an average increase in odds of death/severe morbidity per year); HMO, health maintenance organisation.

Additional analyses {#s3e}
-------------------

The median length of hospital stay was 2 days and the IQR (q-range) was 1 and 3 days (see online [supplementary appendix table S3](#SP1){ref-type="supplementary-material"}). The median length of stay declined from 3 days (q-range: 3 and 4 days) in 1987--1991 to 1 day (q-range: 1 and 2 days) in 2010--2014. The overall median cost per hospital stay was US\$5444 (q-range US\$3501 to US\$10 433); the cost differed by age and was highest among women aged ≥35 years in 2010--2014 (see online [supplementary appendix table S3](#SP1){ref-type="supplementary-material"}). The median cost per hospital stay increased from US\$3236 in 1987--1991 (q-range US\$2557 and US\$4.087) to US\$24 661 (q-range US\$16 934 and US\$34 794) in 2010--2014. Similar trends were observed in all age groups (see online [supplementary appendix figure S2](#SP1){ref-type="supplementary-material"}). Inflation-adjusted cost per hospital stay almost quadrupled during the study period (from median cost US\$3236 in 1987--1991 to US\$12 635 in 2010--2014, adjusted to CPI-U in 1987; see online [supplementary appendix table S3 and figure S2](#SP1){ref-type="supplementary-material"}).

Discussion {#s4}
==========

Our study shows that while hospitalisation for ectopic pregnancy declined in Washington state between 1987 and 2014, severe maternal morbidity/mortality among hospitalised women increased. These trends were independent of temporal changes in maternal age, type of health insurance and underlying chronic morbidity. Severe maternal morbidity/mortality among reproductive-age women remained unchanged. While the median length of hospital stay declined, the inflation-adjusted cost associated with hospitalisation for ectopic pregnancy increased approximately fourfold.

Ectopic pregnancy carries a considerable physical, psychological and social burden.[@R18] The complications can be serious,[@R26] and the treatment and recovery process among women with severe complications is frequently accompanied by anxiety, depression and even elements of post-traumatic stress.[@R27] Over the past few decades, there has been greater awareness of ectopic pregnancy and improvements in diagnostic modalities including highly sensitive b-hCG testing and high-resolution ultrasound examination, all of which has enabled earlier diagnosis and a shift towards non-surgical outpatient MTX treatment.[@R11] Our findings support this trend by showing a large temporal decline in hospitalisation due to ectopic pregnancy.

The concomitant significant increase in severe maternal morbidity and mortality among hospitalised women is likely a result of increased acuity of women admitted for ectopic pregnancy complications. However, the increase in morbidity was not explained by changes in maternal age, type of health insurance and underlying chronic diseases; thus, it is possible that some women have not benefitted from early diagnosis and medical treatment. This may be because of specific patient or physician preferences for care, or due to altered clinical symptoms that were not indicative of ectopic pregnancy in early stages. MTX treatment failure may also result in delayed surgical intervention and increased acuity of hospitalised patients.[@R9] Increasingly more liberal MTX treatment among women in later gestation and with higher b-hCG levels[@R14] may have also led to higher rates of medical treatment failure and resulting complications from delayed resolution of ectopic pregnancy including tubal rupture and hemoperitoneum.[@R11] This theory is supported by our findings that demonstrated an increase in complications in women of all age groups, types of health insurance and chronic morbidity. Nevertheless, an increasingly higher proportion of low-risk women with ectopic pregnancy is successfully treated with MTX in the outpatient settings, which likely contributed to temporal increase in mortality/morbidity in hospitalised women. Population analysis shows, however, that despite the improvement in diagnosis and changes in treatment methods, mortality and severe morbidity remained unchanged among women of reproductive age.

Our results are consistent with previous studies showing a decline in inpatient hospitalisation for ectopic pregnancy.[@R11] Prior studies were insurance-based or hospital-based and therefore less generalisable as compared with our study. Our study also benefits from a large population database spanning over 25 years and consistent ascertainment of ectopic pregnancy over the study period (ICD-9-CM diagnostic and procedure codes). We assume that all women with severe morbidity due to ectopic pregnancy would be hospitalised; thus, the population ratios are reflective of the risk of severe maternal morbidity due to this condition among reproductive-age women regardless of the rate of ectopic pregnancy or fertility.

This study has several limitations. First, the data source lacked information on women with ectopic pregnancy who were successfully treated in outpatient settings, precluding comparisons of overall ectopic pregnancy ratios. As a result, the case fatality rate reported in this study reflects only case fatality among hospitalised women, and is higher than expected if all women with ectopic pregnancy were included. Mortality due to ectopic pregnancy among all women of reproductive age were not influenced by changes in hospitalisations for ectopic pregnancy. Second, women who died from complications of ectopic pregnancy prior to hospitalisation or in the emergency room were not captured in our study, which may underestimate the number of deaths. Third, we could not ascertain any treatment prior to hospital admission; thus, the reasons behind each hospitalisation were not clear with respect to a possible failure of prior MTX therapy or delay in ectopic pregnancy recognition. Fourth, we could not account for repeated hospitalisations due to ectopic pregnancy in individual women, and we did not have information on race, education, marital status, body mass index, smoking and other risk factors for severe morbidity that may have changed over time. Fifth, women from racial/ethnic minority groups and those lacking prepregnancy and prenatal care are at increased risk of ectopic pregnancy complications.[@R28] We did not have specific information on ethnicity and prepregnancy/prenatal care, which is a limitation of this study. Last, some errors in coding are inherent to all large databases. The CHARS database has been previously validated for pregnancy-related complications and prepregnancy chronic conditions,[@R31] and the data collection process includes quality checks and an annual report to monitor for possible overdiagnosis of certain conditions.[@R33] Nevertheless, some chronic medical conditions may be under=reported (eg, obesity).

Conclusion {#s5}
==========

While hospitalisations for ectopic pregnancy decreased substantially, ectopic pregnancy remains a major cause of severe maternal morbidity among hospitalised women. Our results suggest that improvements in diagnosis and changes in treatment modalities during the past decades have translated into significant decline in hospitalisations; however, population ratios of severe morbidity due to ectopic pregnancy remained unchanged and increased among women aged 25--34 years. Further improvements in diagnosis and treatment as well as a better understanding of the pathogenesis of ectopic pregnancy are needed in order to reduce the overall burden of this condition. Healthcare providers should be aware of age-related risks of severe morbidity and mortality in women hospitalised for ectopic pregnancy and future prospective studies should investigate additional predictors of serious complications.
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